1. Homogenates of neural lobes of bovine pituitary glands were fractionated by differential ultracentrifugation. 2. Neurosecretory vesicles were isolated by sucrosegradient ultracentrifugation and membranes were obtained after hypo-osmotic lysis of the particles. 3. A method is described for the isolation of a preparation of purified neuronal plasma membranes by using a fraction enriched in nerve endings as a starting material. 4. The purity of the subcellular fractions was estimated by enzyme assays and by examination with the electron microscope. 5. On the basis of the results it was estimated that neuronal plasma membranes constitute more than 30% of the protein of the nerve endings and neurosecretory vesicles more than 45 % of the total amount of protein in the homogenate. 6. The proteins of membranes of neurosecretory vesicles and of plasma membranes were solubilized by means of sodium dodecyl sulphate. Polyacrylamide-gel electrophoresis of such preparations showed that both membranes contained a large number of proteins, including three glycoproteins.
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In the neural lobe of the pituitary gland the hormones vasopressin and oxytocin are stored in vesicles limited by a trilaminar membrane (Weinstein et al., 1961; Lederis, 1965; Bargmann, 1968) . Besides hormones the vesicles contain soluble proteins, the neurophysins (Hollenberg & Hope, 1968 ; Dean & Hope, 1968) and ATP (Poisner & Douglas, 1968) . So far no other soluble components have been demonstrated in the vesicles.
It is believed that secretion of hormone from the neural lobe occurs byexocytosis. The final stage ofthis process involves the fusion of the membrane of the neurosecretory vesicles with the plasma membrane. Electron-microscopic studies of the neural lobe of the hamster and rat have revealed pictures compatible with exocytosis (Douglas et al., 1971 ; Santolaya et al., 1972) and biochemically it has been demonstrated that the hormones are released from the neural lobe together with the neurophysins (Cheng & Friesen, 1970; Uttenthal et al., 1971; Nordmann et al., 1971; Vilhardt et al., 1975) and ATP (Hong & Poisner, 1974) . To elucidate the molecular mechanism involved in the membrane fusion a knowledge of the chemical composition of the two interacting membranes is necessary.
In recent years a series of investigations have been published describing the isolation of plasma membranes of nerve cells from the central nervous system Cotman & Matthews, 1971; Henn et al., 1972; Gurd et al., 1974; Jones & Matus, Vol. 148 1974). The method usually adopted in these studies has been to isolate a preparation of synaptosomes from brain homogenates as described by Gray & Whittaker (1960) and by Arnaiz et al. (1967) . After disruption of the synaptosomes, plasma-membrane fragments are isolated by density-gradient centrifugation. One of the disadvantages of this method is that the synaptosomal fraction may be contaminated with glial elements (see Morgan et al., 1971) . In addition it is difficult to estimate the contamination of the purified plasma membranes with membranes derived from synaptic vesicles. In most studies homogenates ofwhole brain have been used as starting material and the plasma membranes isolated have consequently originated from cells containing different transmitter substances and serving different functions. The use of the neural lobe of the posterior pituitary gland as starting material for isolation of plasma membranes of neuronal origin seems advantageous for several reasons. 1. The organ is less complex than the brain, containing mainly nerve endings and no nerve-cell bodies. The vast majority of the nerves are axons of the hypothalamo-neurohypophyseal tract engaged in transport and secretion of either vasopressin or oxytocin. 2. The buoyant density of the nerve endings is rather high (presumably owing to their content of neurosecretory vesicles), offering a possibility of separating them from less-dense pituicyte elements. 3. Contamination of the plasmamembrane preparation by neurosecretory vesicles seems unavoidable, but the extent of the contamination can be estimated by using vasopressin as a specific marker for the vesicles.
In the present work we describe a method for the isolation ofa preparation ofpurified neuronal plasma membranes. The procedure involved is basically similar to that used in isolation ofplasma membranes from brain tissue, i.e. lysis of a preparation of isolated nerve endings followed by fractionation of the lysate by density-gradient centrifugation. The protein composition of the preparation is studied by polyacrylamide-gel electrophoresis and compared with that of membranes from isolated neurosecretory vesicles.
Materials and Methods

Biological material
Pituitary glands were removed from adult cattle of both sexes within 15 min of the killing of the animals by shooting. The glands were transported to the laboratory in an ice-bucket. The neural lobes were freed of anterior-and intermediate-lobe tissue as described by Vilhardt & Hope (1974) and were placed in ice-cold 0.3 M-sucrose. Usually 12 glands were prepared at a time; the yield of neural-lobe tissue was 2-3 g wet wt.
Homogenization and differential centrifugation
The neural lobes (usually six at a time) were placed on an ice-cooled Perspex board and chopped to a fine mince with a stainless-steel knife. The mince was then homogenized in 12ml of 0.3 M-sucrose in a Teflonto-glass homogenizer with a radial clearance of approx. 0.17mm (for details see Vilhardt & Hope, 1974) .
The homogenate was then centrifuged by a modification of the method described by Vilhardt & Hope (1974) . Fraction (I) was sedimented at 800gav. for 15 min, fraction (1I) at 3000gav. for s min, fraction (III) at SOOOgaV. for 15min and fraction (IV) at 26000g,,. for 15min. The final supernatant contained most of the microsomal material. All operations took place at 4°C in a MSE Mistral 6L refrigerated centrifuge (for fraction I) and an A40 and an FA65 rotor in a Spinco model L ultracentrifuge (for other fractions). The sediments were resuspended in 2 ml of 0.3 M-sucrose.
Preparation ofmembranes ofneurosecretory vesicles
Portions (0.8 ml) offraction (IV) were placed on discontinuous density gradients made up of 1 ml of 2 M-, 1 ml of 1.4M-, 1 ml of 1.35M-and l ml of 1.3M-sucrose. The gradients had been stored for 18 h at 40C before use. Centrifugation was performed in a Spinco model L-2 65B ultracentrifuge in an SW 50.1 rotor at 110OOOgav. for 60min. Particles accumulating at the 1.4M-/2M-sucrose interface were recovered by cutting the gradient in a Schuster centrifuge-tube cutter. This fraction, consisting of highly purified neurosecretory vesicles, was diluted to 13.5 ml with 0.2M-sucrose and sedimented at 1000OOgav for 45 min. The sediment was resuspended in 4 ml of 5 mM-Tris-acetic acid buffer, pH 7.5, and frozen for 60 min. After thawing, the suspension was sedimented, and the freezing and thawing procedure was repeated four more times. In some experiments the lysis of the vesicles was performed by resuspending the purified vesicles in 13.5 ml of 5 mM-Tris-HCl buffer at pH 8.4 and 0°C for 120 min.
Preparation ofpurifiedplasma membranes
The method outlined for isolation of plasma membranes is outlined in Scheme 1. Fraction (II) obtained by differential centrifugation was diluted with 13. top of a freshly prepared discontinuous sucrose density gradient of 1 ml of 1.2M-, 1 ml of 1.OM-, 1 ml of 0.95 M-and 1 ml of 0.6 M-sucrose and centrifuged in the SW 50.1 rotor at 60000g,,. for 90min.
The material accumulating at the 0.6M-/0.95 Msucrose interface was recovered by cutting the gradient (fraction 119). The fraction was diluted to 13.5 ml with water and sedimented in an FA65 rotor at 1000OOga, for 30min. The pellet (fraction 112) was resuspended in 1 ml of water. This fraction consisted of purified plasma membranes. The time from the killing of the animals to the recovery of fraction (II12) Succinate dehydrogenase (succinate-tetrazoliumoxidoreductase, EC 1.3.99.1) was measured by the method ofPennington (1961) as modified by Porteous & Clark (1965) .
Monoamine oxidase [monoamine-oxygen oxidoreductase (deaminating), EC 1.4.3.4] was determined by the method described by Wurtman & Axelrod (1963) (Wroblewski &LaDue, 1955) as modified by Pickup & Hope (1971) .
5'-Nucleotidase (5'-ribonucleotide phosphohydrolase, EC 3.1.3.5) was determined by the method of Ipata (1967) or by the method of Emmelot et al. (1964) . P1 was determined by the method of Fiske & SubbaRow (1925) .
Mg2+ + Na+ + K+-dependent ATPase* (ATP phosphohydrolase, EC 3.6.1.3) was measured as the difference in formation of P1 with and without I mM-ouabain present in the medium (Fiske & SubbaRow, 1925; Vilhardt & Hope, 1974) .
Acetylcholinesterase (acetylcholine hydrolase, EC 3.1.1.7) and non-specific cholinesterase (acetylcholine acyl-hydrolase, EC 3.1.1.8) activity were * Abbreviation: ATPase, adenosine triphosphatase. determined by the method described by Ellman et al. (1961) Glucose 6-phosphatase (D-glucose 6-phosphate phosphohydrolase, EC 3.1.3.9) was measured by the method of de Duve et al. (1955) , with an incubation period of 60 min.
RNA was measured by the method of Schmidt & Tannhauser (1945) as modified by Pickup & Hope (1971) .
DNA was measured fluorimetrically after lipid extraction of the samples (Kissane & Robins, 1958 Roth & Milstein (1952) as modified by Smith & Winkler (1966) , with ribonucleic acid from yeast (BDH Chemicals Ltd., Poole, Dorset, U.K.) as substrate.
Rotenone-insensitive NADH-cytochrome c oxidoreductase (EC 1.6.99.3) was assayed by the method of Duncan & Mackler (1966) by following the increase in absorbance at 550 nm; 10,pl of 50% (w/v) rotenone in ethanol was added to the medium.
Rotenone-insensitive NADPH -cytochrome c oxidoreductase (EC 1.6.99.1) was measured by the method of Lu et al. (1969) by following the reduction of cytochrome c at 550nm.
Phospholipid was determined as total P by the method described by Bartlett (1959) .
Biological assays
Vasopressin was extracted by placing the acidified [acetic acid, final concn. 0.25 %] samples in a boiling-water bath for 5min. After centrifugation the supernatants were neutralized by NaOH and assayed for pressor activity by the procedure of Dekanski (1952) with the modifications described by Dean & Hope (1967) . Standards of synthetic [8-arginine] vasopressin (Studer, 1963) were standardized against the Third International Standard (Bangham & Mussett, 1958) .
The analytical results are expressed as relative specific activities, i.e. the specific activity of the fraction analysed divided by the specific activity of the homogenate.
Electron microscopy
The tissue.(neural lobe) to be fixed was cut into small cubes (approx. 1mm3) and placed in cooled fixative [1% (v/v) formaldehyde-4% (v/v) glutaraldehyde-100mM-sodium phosphate, pH7.2]. The fractions to be examined were sedimented by ultracentrifugation (100000gav., 60min). The pellets were fixed for 2h in 2% (v/v) glutaraldehyde-2% (v/v) formaldehyde -100mM-sodium phosphate buffer, pH7.4. After post-fixation with 2% OS04 the blocks were dehydrated through graded concentrations of ethanol and embedded in a mixture of Epon and Araldite. Sections were cut with a glass knife and stained with uranyl acetate and lead citrate. The stained sections were examined with a Siemens IA electron microscope.
Polyacrylamide-gel electrophoresis
Plasma membranes (fraction 112) and membranes of neurosecretory vesicles were resuspended in 500,l of 1 % (w/v) sodium dodecyl sulphate in 10mM-sodium phosphate buffer (pH6.5) and left for 3h at room temperature (20°C) followed by 18h at 4°C. The samples were then briefly heated under hot tapwater and centrifuged at 110000gav. for 45min at room temperature in a SW 50.1 rotor with adaptors for small volumes. The sediment constituted less than 3 % of the total amount of protein in the samples. The supernatants were recovered and sucrose was added to a concentration of 8 % (w/v).
The gels were made up by a modification of the method described by Weber & Osborn (1969) . Glass tubes (7.5cmx0.5cm internal diam.) were filled with 1.3ml of 6% (w/v) Cyanogum 41 (95% acrylamide monomer and 5 % NN'-methylenebisacrylamide; BDH Chemicals Ltd.) in 0.1M-sodium phosphate buffer (pH 6.5) and 0.1 % sodium dodecyl sulphate. Polymerization was catalysed by 0.07% ammonium persulphate in the presence of 0.035% NNN'N'-tetramethylethylenediamine. The tops of the gels were covered with 2-methylpropan-1-ol and left at room temperature overnight.
The gels were pre-run for 2h at 5mA/tube in a buffer of 0.1 % sodium dodecyl sulphate in 0.1M-sodium phosphate, pH6.5. Then a 50 or a 100,ul sample was placed on top of each gel with 10pl of 0.05% Bromophenol Blue and electrophoresis was carried out at 8mA/tube in the same electrode buffer as for the pre-run. The electrophoresis was stopped when the Bromophenol Blue band had migrated to within 2mm from the end of the gels. The gels were removed from the tubes and fixed overnight in 25 % (w/v) trichloroacetic acid. Proteins were demonstrated by staining the gels for 60min with saturated Amido Black in 25 % (w/v) trichloroacetic acid, followed by destaining in 7.5% (v/v) 
Results
Isolation of membranes of purified neurosecretory vesicles
The method used for preparing neurosecretory vesicles is essentially that described by Dean & Hope (1967) . The fraction recovered from the density gradient consists almost entirely of neurosecretory vesicles. The specific activity of vasopressin in the preparation was 9.4±1.5 i.u./mg of protein (mean±S.D., eight preparations). Weak activitiks of succinate dehydrogenase and acid ribonuclease and small amounts of RNA could be demonstrated, indicating some contamination by mitochondria, lysosomes and probably free ribosomes (Table 1) . The preparation exhibited no Mg2++Na++K+-dependent ATPase or glucose 6-phosphatase activities. Electron-microscopic examination of the fraction (Plate lb) showed a population of tightly packed, uniform particles of varying electron density, closely resembling the neurosecretory vesicles seen in whole neural-lobe tissue (Plate la).
The vesicles seemed rather resistent to hypoosmotic treatment. Resuspension of the neurosecretory vesicles in 4ml of 5mM-Tris-acetic acid buffer, pH7.5, followed by freezing and thawing only released approx. 40% of their vasopressin content (Fig. 1) . However, repeated freezing and thawing of the preparation followed by sedimentation and When resuspended vesicle membranes were placed on a discontinuous sucrose-density gradient (as used for purifying plasma membrares) and were centrifuged at 60000gav. for 90min, 11 % of the protein in the resuspension was recovered at the 0.6M-/0.95M-sucrose interface. Most of the protein of the membrane fraction was found in the pellet of the gradient tube. Number of washings
Fig. 1. Lysis of neurosecretory vesicles in dilute buffer
Neurosecretory vesicles obtained by sucrose-densitygradient centrifugation were suspended in 5 mM-Trisacetic acid, pH7.5. After freezing and thawing the particles were sedimented at 100000gav. for 45min, followed by resuspension in the buffer. This procedure was repeated a total of five times. Portions of the sedimented particles were assayed for protein (@), vasopressin (0) and phospholipid (A). The results are expressed as a percentage of the total amounts in the unlysed vesicles. 
NADPH-cytochrome c oxidoreductase and RNA present in fraction (II).
A further purification of the nerve endings was obtained by centrifugation of the fraction placed on top of a 25% (w/v) Ficoll solution. A considerable number of free neurosecretory vesicles and mitochondria, but also some nerve endings, were recovered at the bottom of the centrifugation tube (fraction 13). The majority of the nerve endings, however, were retained by the Ficoll solution (fraction II2). Subsequent centrifugation of fraction (II2) placed on top of 8 % Ficoll sedimented most of the nerve endings (fraction II5), whereas microsomal material tended to remain on top of the Ficoll solution (fraction 14). This step in the fractionation also produced a partial separation of the specific acetylcholinesterase (mainly in fraction II5) from the non-specific cholinesterase activity (mainly in fraction 114).
The specific activities in fraction (II5) of vasopressin and of marker enzymes for mitochondria and microsomal elements were slightly higher than those found in the homogenate. This is probably due to the presence inside the nerve endings of neurosecretory vesicles and other subcellular particles.
Electron-microscopic examination of the fraction (Plate 2a) confirmed the presence of large numbers of nerve endings resembling those observed in micrographs of sections of whole neural-lobe tissue (Plate la). Some free neurosecretory vesicles were encountered, but practically no free mitochondria. Some of the nerve endings had lost their content of organelles and appeared as large, empty vesicles.
Purification of plasma membranes of the nerve endings. The nerve endings (fraction I16) were found to be rather resistant to mechanical disruption. Several procedures were tried and the final one adopted was that described by Cotman & Matthews (1971) . The nerve endings were resuspended for 120min in 5mM-Tris-HCl, pH8.4, after which only 11 % of the lactate dehydrogenase was sedimentable. After sedimentation of the lysate the resuspended pellet was fractionated on a discontinuous density gradient. Four particulate fractions, including a pellet, were obtained. Fraction (II8) ( Table 3) showed an enrichment of microsomal enzymes, whereas the markers for neurosecretory vesicles and mitochondria were found in the bottom fractions of the gradient (fractions II10 and II11). Electron-microscopic examination showed that fraction (1110) contained a considerable amount ofapparently undisrupted nerve endings (Plate 2b), which is consistent with the finding of relatively high activities of Mg2++Na++K+-dependent ATPase in this fraction.
Fraction (II9) showed a considerable decrease in the activities ofmost enzymes assayed (the assays used for acetylcholinesterases were not sensitive enough to show the distribution of these enzymes on the gradient). The activity ofMg2++Nat+K+-dependent ATPase, however, is considerably increased in fraction (119), indicating a high content of plasma membranes. Electron microscopy of the sedimented fraction (1112) Isolatedplasma membranesfrom bovine neurallobes Plasma membranes (fraction 1112) obtained by centrifugation of a lysate of nerve endings on a discontinuous sucrose density gradient. The scale represents 1 ,um. Polyacrylamide-gel electrophoresis of solubilized membrane proteins Preparations of purified plasma membranes and membranes ofneurosecretoryvesicles were solubilized by 1 % sodium dodecyl sulphate and electrophoresed on polyacrylamide gels containing 0.1 % sodium dodecyl sulphate. Staining of the gels for proteins revealed the presence of a large number of bands. Fig. 2 shows diagrammatically the appearance of the gels (plasma membranes to the right and membranes of neurosecretory vesicles to the left). A number of bands seemed to be common to both gels. Three fastmigrating proteins were only found in membranes of neurosecretory vesicles and could be neurophysins contaminating the preparation.
Staining of the gels for carbohydrates with the periodic acid-Schiff reagent showed the presence of three glycoproteins, identically located in the two gels. The exact location of the carbohydratecontaining proteins was determined by staining the gels with Amido Black followed by the periodic acid-Schiff reagent.
Discussion
The neurosecretory vesicles studied in the present experiments were prepared by the method described by Dean & Hope (1967) . This preparation consists of highly purified vesicles with minimum contamination by mitochondria, lysosomes and microsomal material. It contained no plasma-membrane fragments. On (b) were solubilized by 1% (w/v) sodium dodecyl sulphate and subjected to electrophoresis on 6% (w/v) polyacrylamide gels in the presence of 0.1% sodium dodecyl sulphate. The anode is at the bottom of the picture and the gels were stained with Amido Black. The intensity of the staining was determined by densitometry and in the diagram the solid bands are more heavily stained than the hatched bands. PAS indicates the bands giving a positive reaction with the periodic acid-Schiff reagent and BB the position of the electrophoretic front as determined with Bromophenol Blue. that approx. 45 % of the protein in the homogenate is associated with neurosecretory vesicles. This should be regarded as a minimum value, since it cannot be excluded that the vesicles may have lost some of their hormone content during the purification procedure. Of the vesicle protein approx. 30% was membrane-bound.
The starting material used for preparing plasma membranes is already enriched in nerve endings (fraction II). Incubation of fraction (II1) in suitable media has shown that this preparation can be stimulated to hormone secretion by high concentrations of K+ (R. V. Baker, H. Vilhardt & D. B. Hope, unpublished work) and by cold exposure (Vilhardt et al., 1975) . Further fractionation by means of the Ficoll gradients rid the preparation ofconsiderable amounts of free mitochondria, neurosecretory vesicles and microsomal material. A partial separation of the activities of the specific and non-specific acetylcholine esterases was achieved in fractions (II4) and (115). This may reflect a separation of pituicyte elements from the nerve endings. From studies of brain tissue there are several reports (Bulbring et al., 1953; Giacobini, 1959; Torack & Barnett, 1962; Tower & Young, 1973 ) that non-specific cholinesterase activity is primarily associated with glial cells. Pituicytes may resemble glial cells in this respect.
The relative specific activity of vasopressin in fraction (II5) is 1 .07, whereas that ofMg2+ +Na + K+-dependent ATPase is 3.43. This may indicate that the secretory vesicles in the nerve endings have lost some oftheir hormone content. Another explanation could be that whereas the neurosecretory vesicles are distributedthroughouttheaxontheMg2++Na++K+-activated ATPase may be primarily localized to the plasma membrane of the nerve ending. Additional support for such a hypothesis may be found in the comparativelylowactivity of5'-nucleotidase observed in fractions (II5) and (II9). The specificity of this enzyme as a plasma-membrane marker has, however, been questioned (Cotman & Matthews, 1971; Widnell, 1972) . In the present experiments 5'-nucleotidase to some extent followed the distribution ofthe microsomal marker enzymes, which could reflect the presence in microsomal material of small fragments of plasma membrane.
The sucrose-density-gradient centrifugation of the lysed nerve endings led to a separation of the activity of Mg2++Na++K+-dependent ATPase from mitochondria (succinate dehydrogenase, rotenone-insensitive NADH-cytochrome c oxidoreductase, monoamine oxidase), lysosomes (acid ribonuclease) and microsomal fraction (glucose 6-phosphatase, rotenone-insensitive NADPH (and NADH)-cytochrome c oxidoreductase]. Since there is no known specific marker substance for the membranes of neurosecretory vesicles, contamination of the plasmamembrane fraction by such elements can only be estimated indirectly. From the specific activity of vasopressin in purified neurosecretory vesicles and the distribution of hormone and protein when such a preparation was lysed and centrifuged on a sucrose density gradient (in the same way as lysed nerve endings), it can be calculated that 18 % of the protein in fraction (119) might originate in neurosecretory vesicles. This is not surprising, considering that 12-15% of the total protein content of the homogenate is associated with membranes of neurosecretory vesicles. If Mg++Na++K+-dependent ATPase is accepted as a specific marker for plasma membranes it can be calculated on the basis of the present results that these membranes constitute 32% of the protein of the isolated nerve endings.
Polyacrylamide-gel electrophoresis of the waterinsoluble proteins of plasma membranes and membranes ofneurosecretory vesiclesrevealed thepresence of a large number of proteins in both preparations. Comparison of the two gels is difficult because of the multitude of bands, but certain similarities are obvious and may indicate that some proteins, including the three glycoproteins, are common to the two membrane preparations. Electrophoresis of solubilized proteins from brain plasma membranes and synaptic-vesicle membranes has also demonstrated rather complex protein compositions of these structures (Cotman & Mahler, 1967; Mehl, 1968; Cotman et al., 1968; Bosmann et al., 1970; Waehneldt et al., 1971) often with distinct similarities (Morgan et al., 1973) .
Judging from the intensity of the stained bands (as measured by densitometric scanning) the similarities in the electrophoretic pattern of the two gels were not due to contamination of the plasma-membrane preparation with neurosecretory vesicle membranes. This is further supported by the absence of the three fast-migrating bands in the gel of the plasma membranes. Vilhardt & H0lmer (1972) examined the lipid composition of the membranes of the neurosecretory vesicles and of plasma membranes isolated from posterior pituitary glands. Their results showed that the two membranes are very similar to each other in their composition of lipid classes, with only minor differences in their fatty acid spectrum. From the present experiments it appears that the protein compositions of the two membranes also exhibit certain similarities.
